Coagulase-negative staphylococci (CNS) constitute a major component of the normal microfloras of humans, and in contrast to Staphylococcus aureus (31) , most of them do not produce exotoxins. Thus, CNS have generally been regarded as saprophytes or organisms with no or very low virulence. However, over the last 3 decades there has been an increase in the documentation of human infections due to CNS, especially with the species S. epidermidis (14, 30, 45) . The increase in infections by these organisms has been associated with the wide medical use of prosthetic and indwelling devices. The formation of adherent multilayered biofilms represents an essential factor in the pathogenesis of S. epidermidis biomaterialrelated infections (46) .
The mechanisms of biofilm formation in clinical strains of S. epidermidis have been investigated in detail and are reported to be a two-step process. The initial bacterial attachment to a surface is related to a cell surface protein (autolysin) encoded by the chromosomal atlE gene (24) . The second step of biofilm formation, which includes cell aggregation and biofilm accumulation, is mediated by the products of the chromosomal intercellular adhesion (ica) operon (22, 25) . This operon is composed of the icaR regulatory gene and icaADBC biosynthetic genes. Expression of the ica genes leads to production of polysaccharide intercellular adhesin (PIA). PIA consists of ␤ 1,6-linked N-acetylglucosamine (22, 25) . Studies have shown that isolates producing PIA are able to form thick biofilms on polystyrene microtiter plates. Not all ica-positive isolates of S. epidermidis produce biofilms. This has been explained by spontaneous insertion of IS256 in the ica operon and by strict regulation of the ica genes (37, 55) . Expression of the ica locus and subsequent biofilm formation may be activated via the alternative sigma factor B in the presence of stress factors (32) . Although the presence of atlE seems to be universal in S. epidermidis, the presence of the ica locus is not. For clinical strains, 80 to 90% are ica positive while only 5 to 30% of saprophytic isolates are ica positive (20, 54) . This has led to the suggestion that the presence of the ica operon can be used to discriminate virulent strains from normal floras (4, 5, 20, 21) . The ica locus has also been found in S. aureus and in eight other species of Staphylococcus (2, 11) .
Bacteria in biofilms are generally more resistant to environmental stresses than their free-living counterparts (10) . For Listeria monocytogenes, it has been shown that strains that persist in food industry environments form thicker biofilms than isolates only sporadically found (36, 41) , indicating that biofilm formation is important for the survival of L. monocytogenes in the food industry. CNS are commonly found on human skin and may be transferred to food or food contact surfaces by food handlers and are thus frequently found in food processing environments (29, 39, 51) . To our knowledge, biofilm formation and the presence of the ica locus in staphylococci isolated from the food industry have not been investigated previously. It is of interest to investigate whether foodrelated staphylococci are strong biofilm formers like the clinical invasive strains or whether they resemble the less harmful saprophytic isolates. In addition to the possible clinical significance of biofilm-forming CNS from the food industry, the ability to form biofilms may also increase the ability of isolates to persist in a food-processing environment. In this work, we investigated biofilm formation on polystyrene (and on stainless steel for selected strains) and the presence of the ica locus among staphylococci (mostly CNS) isolated from food industry.
MATERIALS AND METHODS
Bacterial strains and cultural conditions. The bacterial strains used in this study are listed in Table 1 . The isolates from the food industry were isolated from three separate Norwegian meat-and poultry-processing plants by swabbing food cuttings and other contact surfaces and equipment (51) . S. epidermidis RP62A (ATCC 35894), a blood culture isolate, contains the ica locus and is widely used as a positive control in biofilm experiments (7, 13) . All strains were routinely cultured in tryptic soy broth (TSB; Oxoid, Basingstoke, United Kingdom), with agitation at 37°C.
Quantitative biofilm assay on polystyrene. The ability of the strains to adhere to polystyrene microtiter plates was determined as described previously (8) , with some modifications. An overnight culture grown in TSB at 37°C was diluted 1:100 in TSB and in TSB with 2% (wt/vol) glucose and 2% (wt/vol) sodium chloride added. A total of 200 l of these cell suspensions was transferred to each of six parallel wells of a 96-well polystyrene microtiter plate (Nunclon; Nunc, Roskilde, Denmark). After incubation at 37°C for 24 h, the absorbance at 600 nm was recorded on a Micro-ELISA autoreader (Titertek Multiscan Plus; Labsystems, Helsinki, Finland) as a measure of total growth. Furthermore, the culture was removed and plates were washed three times with 200 l of peptone water (saline with 0.1% Bacto Peptone [Oxoid]) to remove nonadherent cells and dried in an inverted position. Adherent biofilm was stained with 100 l of 0.1% (wt/vol) safranin (Merck) for 3 min. Then, unbound safranin was removed and the microtiter plate was air dried for 2 h before the absorbance at 492 nm of the biofilm was quantified. All strains were tested in unrelated experiments on two different days. The strains did not form clearly distinct groups (judged on the basis of the distribution of the A 492 values), but for convenience they were defined into different categories on the basis of their A 492 values. The strains with A 492 Ͻ 0.20, 0.20 Յ A 492 Յ 1.0, and A 492 Ͼ 1.0 were defined as biofilm negative, weak biofilm formers, and strong biofilm formers, respectively.
The effect on biofilm formation was tested in the assay described above with the following additions to TSB: sodium chloride (0.01 to 5% [wt/vol] Biofilm formation on stainless steel. The ability to form biofilm on stainless steel was tested in a static model system. Stainless-steel coupons (AISI 304, 2B finish, 75 by 22 by 1 mm) were placed vertically in 150 ml of TSB with 2% sodium chloride and 2% glucose added. The medium was inoculated (0.1% vol/vol) with an overnight culture of the strain (grown in TSB at 25°C) to be tested. After 24 h of incubation at 25°C, the coupons were removed from the culture and gently washed twice with peptone water to remove loosely adherent cells. Then, each coupon was placed in a glass tube containing 45 ml of sterile distilled water and the attached cells were removed by sonication (Bransonic 3510; Branson Ultrasonic B.V., Soest, The Netherlands) at 40°C for 10 min. After sonication, the number of CFU was determined by plating on tryptic soy agar (Oxoid). To ensure that all bacteria were removed from the coupons by sonication, some coupons were stained with Acridine Orange (Sigma) (0.1% wt/vol) and examined by fluorescence microscopy. It was also confirmed that sonication had no negative effect on the number of CFU of cell suspensions.
DNA isolation, PCR amplification, and sequencing. Cells were lysed by adding lysozyme and lysostaphin (Sigma-Aldrich, St. Louis, Mo.) at 40 and 0.1 mg ml Ϫ1 , respectively, followed by incubation at 37°C for 30 min. Total DNA from the staphylococci were isolated with an Easy-DNA kit (Invitrogen, Carlsbad, Calif.). For amplification of icaA, a primer pair (ica4f and ica2r) ( Table 2 ) was designed from conserved parts of the sequences of icaA from S. aureus (AF086783), S. epidermidis (U43366), and S. caprae (AF246926) obtained from GenBank. The same ica sequences in the database were also used to design primers for amplification of other parts of the ica operon. Each PCR mixture contained 50 ng of DNA, 2 M concentrations of each respective primer, 200 M concentrations of each deoxynucleoside triphosphate, 1ϫ reaction buffer (Dynazym), and Dynazym DNA polymerase (Dynazym) in a 50-l total volume. The reaction mixtures were subjected to 30 cycles of amplification. The conditions for each cycle were as follows: denaturation for 45 s at 95°C, annealing for 45 s at between 42 and 65°C (depending on the primer set), and primer extension for 2 min at 72°C. Finally, the reaction mixtures were incubated at 72°C for 10 min. Sequencing was performed on an ABI Prism 3100 genetic analyzer using a Big Dye terminator cycle sequencing ready reaction kit (Perkin-Elmer Applied Biosystems, Foster City, Calif.).
16S rDNA analysis. About 1,450 bp of the 16S rRNA genes (16S rDNA) were amplified by PCR using the primers ID27f and 1492r (34) . Of the variable region of 16S rDNA, 550 bp were sequenced in both directions using forward (ID27f) and reverse primers (685r3) described previously (34) . Database searches were performed with BLASTN 2.1.2 software (3).
Southern blotting and hybridization. Total DNA was digested with EcoRI and HindIII restriction enzymes (Promega) at 37°C overnight. Digested DNA was separated by agarose gel electrophoresis. HindIII-digested DNA of S. epidermidis RP62A was applied to each gel as a positive control. The restriction enzymedigested DNA was transferred from agarose gel to a Hybond-N nylon membrane (Amersham Biosciences, Buckinghamshire, United Kingdom) by vacuum blotting according to the manufacturer's instructions (Pharmacia, Uppsala, Sweden). A PCR product specific for the icaA gene (568 bp long; amplified with primers ica4f and ica2r) from S. epidermidis RP62A was used as a probe. In addition, a probe specific for icaA (1,075 bp long; amplified with primers ica9f and ica2r) from the food-related isolate S. capitis St13 was also used. An atlE-specific probe was amplified with PCR using primers atlE-F and atlE-R and DNA from S. epidermidis RP62A. The PCR products were purified with a Qiaquick PCR purification kit (Qiagen GmbH, Hilden, Germany) before being used as probes. The labeling of probes and hybridization was done with an AlkPhos Direct Gene images kit following the manufacturer's instructions (Amersham). Membrane stripping was done as recommended by the manufacturer.
RNA isolation and Northern blotting. Precultures were grown overnight at 37°C in brain heart infusion (BHI) broth with a final concentration of 2.5% NaCl and 2.5% glucose. These cultures were used to inoculate medium of the same type (1% inoculum) in glass tubes, which were further incubated at 37°C. At an optical density at 600 nm of 0.5 to 0.8, the cultures were added to 2 volumes of RNA Protect bacterial reagent, according to the manufacturer's instructions (Qiagen GmbH), before an RNeasy Mini kit (Qiagen GmbH) was used to isolate RNA from the cell suspensions. For effective lysis, lysozyme and lysostaphin (Sigma) were added at 20 and 0.1 mg ml Ϫ1 , respectively, and incubated at 37°C for 10 to 20 min. The RNA was separated in 1.2% agarose containing formaldehyde (49) and vacuum blotted onto Hybond Nϩ filters as described by the manufacturer. Hybridization was performed at 45°C according to standard procedures (49) . Probes specific for the icaA gene of S. capitis St13 (food-processing environment), icaA gene of S. epidermidis N15.1 (food-processing environment), and icaA gene of S. aureus RN4220 were amplified by PCR using the primer pair ica4f and ica2r (Table 2 ) and purified using a Qiaquick PCR purification kit (50) . The search for the maximum-parsimony tree was done heuristically. Both maximum-likelihood distances with empirically determined base frequencies (18) and log of the determinant of the matrix distances were used for the minimum-evolution distance trees. We used the model developed by Hasegawa (23) for the maximum-likelihood analysis. For the parsimony and the distance methods, consensus trees were constructed from 1,000 bootstrap replicates (17) , while for the maximum-likelihood analysis, 1,000 quartet puzzling steps were used (50) .
Statistics. Significance testing was performed with MINITAB for Windows, version 13.3 (Minitab Inc., State College, Pa.), and Fisher's exact test (available at http://www.matforsk.no/ola/fisher.htm).
Nucleotide submissions. The sequenced parts of icaAD, icaB, and icaR of S. capitis St13 have been deposited in GenBank under accession no. AY146582, AY146583, and AY146584, respectively. Partial icaA sequences of several strains were also deposited as follows: S. aureus H9.3 (AF500262), S. caseolyticus N10.3 (AF500258), S. cohnii O14.9 (AF500260), S. cohnii O5.1H (AF500268), S. condimenti O10.10 (AF500261), S. condimenti O7.1 (AF500266), S. epidermidis H11.6 (AF500265), S. saprophyticus N2.1A (AF500264), S. saprophyticus St28 (AF500270), S. sciuri H14.3 (AF500259), S. simulans O2.5 (AF500263), S. capitis NCTC11045 (AF500269), and S. saprophyticus ATCC15305 (AF500267).
RESULTS
Biofilm formation on polystyrene. In TSB with 2% sodium chloride and 2% glucose added, biofilm formation measured as A 492 after safranin staining ranged between 0.02 and 1.6 (corrected for medium background) for the 144 strains tested. Seven of the strains were strong biofilm formers (A 492 Ͼ 1.0), and 21 strains were weak biofilm formers (0.20Յ A 492 Յ1.0). Of all the tested strains, 71% formed thicker biofilms (Ͼ10% increase in A 492 ) in TSB with sodium chloride and glucose added than in TSB without additions. The 16S rDNA was partially sequenced (479 bp) for the 28 biofilm-forming strains together with 39 randomly picked biofilm-negative strains (A 492 Ͻ 0.20). For all strains, the 479-bp sequences gave matches with Ͼ99.5% identity to the 16S rDNA sequences of Staphylococcus spp. in the database. The 67 strains sequenced were assigned to 15 species of Staphylococcus, of which 9 were biofilm formers ( Table 3 ). The strong biofilm formers (A 492 Ͼ 1.0) belonged to the species S. capitis, S. cohnii, S. epidermidis, and S. saprophyticus. For the biofilm-positive control S. epidermidis RP62A strain grown in TSB cultures with glucose and sodium chloride added, the absorbance at 492 nm after safranin staining was 1.4. The reference strains, S. aureus RN4220, S. aureus ATCC 12600, and S. epidermidis Fol89, were strong biofilm formers and S. intermedius NCTC 11048 and S. sciuri NCTC 12103 were weak biofilm formers, while S. saprophyticus ATCC 15305, S. capitis NCTC 11045, S. cohnii NCTC 11041, and S. lentus NCTC 12102 were biofilm negative.
Effect of stress conditions on biofilm formation. For four of the seven strains tested, the addition of sodium chloride clearly stimulated biofilm formation (Fig. 1A) . The two S. capitis strains formed the thickest biofilm at the highest sodium chloride concentration tested (5.4%). The addition of glucose had a positive effect on biofilm formation for all seven strains tested. The glucose concentration needed for maximal biofilm formation ranged between 0.3 and 1.3%, depending on the strain (Fig. 1B) . The addition of ethanol, benzalkonium chloride, chlorhexidine, salicylate, SDS, or tetracycline had no effect on biofilm formation at the concentrations tested (data not a Strains with A 492 Ͼ 1.0 in the biofilm assay (number of strains hybridizing to icaA/total number of strains tested).
b Strains with 0.20 Յ A 492 Յ 1.0 in the biofilm assay (number of strains hybridizing to icaA/total number of strains tested).
c Strains with A 492 Ͻ 0.20 in the biofilm assay (number of strains hybridizing to icaA/total number of strains tested).
d Number of strains which hybridized at 55°C to the S. epidermidis RP62A icaA-specific probe/total number of strains.
shown). Growth (measured as absorbance at 600 nm before the removal of the fluid culture) was little affected by the concentration range used for all additions except for inhibition at the highest concentration of tetracycline (data not shown).
Biofilm formation on stainless steel. Nine staphylococci selected for having different abilities to form biofilms on polystyrene microtiter plates were tested for their ability to form biofilms on stainless steel in TSB with 2.25% glucose and 2.5% sodium chloride. For the different strains, biofilm formation on steel after 24 h of incubation ranged from 8.6 ϫ 10 6 to 3.1 ϫ 10 7 adherent cells cm Ϫ2 (Fig. 2) . Biofilm formation on polystyrene and stainless steel showed a weak but significant correlation (R 2 ϭ 0.56; P ϭ 0.02) (Fig. 2) . Presence and sequence of the icaA gene. The 67 food-related strains from which 16S rDNAs were sequenced were also investigated by Southern blotting followed by hybridization for the presence of icaA. A total of 38 strains hybridized with the S. epidermidis RP62A icaA-specific probe at 55°C (Table 3) . Except for S. hominis and S. vitulinus, at least one strain from each of the 15 species hybridized to the icaA probe. All seven strong biofilm formers hybridized to icaA, and hybridization to the icaA probe was significantly higher (P ϭ 0.02) among strong biofilm formers (A 492 Ͼ 1.0) compared to the other strains. The prevalence of icaA among the weak biofilm formers (0.20Յ A 492 Յ1.0) was not significantly higher than among biofilm-negative strains (A 492 Ͻ 0.20). When hybridization was performed at 65°C, only strains of S. aureus, S. capitis, S. cohnii, S. condimenti, S. epidermidis, and S. saprophyticus hybridized to the S. epidermidis RP62A icaA-specific probe (data not shown).
Hybridization at 55°C with an S. capitis St13 icaA-specific probe gave results similar to those of hybridization at 55°C with the S. epidermidis RP62A icaA-specific probe (data not shown). The reference strains S. epidermidis RP62A (positive control), S. epidermidis Fol89, S. aureus ATCC 12600, S. capitis NCTC 11045, S. saprophyticus ATCC 15305, S. intermedius NCTC 11048, and S. aureus RN4220 all hybridized to the S. epidermidis RP62A-specific icaA probe at 55°C, while S. sciuri NCTC 12103, S. cohnii NCTC 11041, and S. lentus NCTC 12102 showed no hybridization signal.
For the 38 food-related strains that hybridized to the icaA probe at 55°C, an attempt was made to amplify a part of the icaA gene by PCR with the primer pair ica4f and ica2r. For 22 of the 38 strains, icaA-specific PCR products of 568 bp were amplified and sequenced with both primers used for the amplification. With the rest of the food-related strains, no PCR product was obtained or no sequence was obtained for the PCR product. icaA from S. aureus, S. capitis, S. caseolyticus, S. cohnii, S. condimenti, S. epidermidis, S. saprophyticus, S. sciuri, and S. simulans was partly sequenced. The sequences obtained with the two primers were aligned, and for each strain, a database search was performed with a 372-bp-long consensus sequence. The DNA similarities of the partially sequenced icaA genes to icaA sequences available in the database were 69 to 100%. Sequences of icaA from the reference strains S. aureus RN4220, S. epidermidis Fol89, S. saprophyticus ATCC15305, and S. capitis NCTC11045 were also obtained.
For S. capitis St13 and S. saprophyticus St28, the icaA genes were amplified and completely sequenced using primers de- signed from the S. caprae icaA sequence in the database (AF246926). For these two strains, their icaA genes were found to be identical at the nucleotide level. According to the results of a database search, the complete icaA sequences of S. capitis St13 and S. saprophyticus St28 showed the closest match to the icaA gene of S. caprae (AF246926), with 85% DNA homology and 92% amino acid homology. Using primers designed from the S. caprae ica sequence, PCR products specific for icaB, icaD, and icaR were also amplified and sequenced from S. capitis St13. The sequenced products of icaB, icaD, and icaR corresponded to the regions 2998 to 3337, 2318 to 2614, and 892 to 625 in the S. caprae ica sequence (AF246926), respectively. The sequenced parts of the ica genes of S. capitis St13 had DNA and amino acid homologies to the corresponding sequence in S. caprae (AF246926) of 84 and 88% (icaB), 88 and 94% (icaD), and 90 and 93% (icaR). Four of eight biofilm-negative food isolates of S. epidermidis strains hybridized to icaA (Table 3) . PCR mapping of the entire ica locus of these strains revealed that the lengths of the PCR products were as anticipated (data not shown); thus, no insertion element was present in the ica locus and the orientation of the icaRABCD genes was similar to that of S. epidermidis RP62A.
Phylogenetic reconstructions were made for the 26 strains from which both 16S rDNA and icaA sequences were obtained. The 16S rDNA tree is shown in Fig. 3 , while the icaA data have been coded as icaA types A to F. The icaA sequence types were determined for the group of sequences with more than 98% internal homology and 100% bootstrap support in the phylogenetic tree (results not shown). The homologies between the different icaA types were in the range of 55 to 82%. For S. saprophyticus, S. cohnii, and S. condimenti, strains from the same species differed considerably in their icaA sequences. S. saprophyticus contained sequences of icaA types F and D and S. cohnii contained icaA types C and F, while S. condimenti contained icaA types C and E. Among strains of the same species, the icaA sequences of S. epidermidis and S. aureus were almost identical.
Hybridization with atlE probe. DNAs from the 67 strains tested for hybridization to icaA were also hybridized at 65°C to a probe specific for the atlE gene of S. epidermidis RP62A. All S. epidermidis and S. capitis strains hybridized with the atlE probe. For the species S. aureus, S. piscifermentans, S. hominis, S. cohnii, S. condimenti, S. saprophyticus, and S. schleiferi, weak hybridization signals against the atlE probe were observed (data not shown).
Expression studies. Expression of the ica genes by the strong biofilm formers S. capitis St13, S. saprophyticus St28, S. aureus RN4220, and S. epidermidis RP62A and the non-biofilm formers S. epidermidis N15.1, S. epidermidis N5.5, and S. capitis NCTC11045 (cultivated in BHI broth with a final concentration of 2.5% glucose and 2.5% sodium chloride) was investi-
Relationship between biofilm formation on stainless steel at 25°C (log CFU cm
Ϫ2
) and biofilm formation on polystyrene (A 492 ) at 37°C by staphylococci grown in cultures for 24 h in TSB with 2% glucose and 2% sodium chloride added. Each point represents the mean for an individual strain of two independent experiments each on steel and polystyrene.
FIG. 3.
Evolutionary neighbor joining tree for 16S rDNA. The tree was built using the neighbor-joining, maximum-parsimony, and maximum-likelihood methods. The tree shown was constructed on the basis of 479 aligned positions. The genetic distances between two strains are shown as Kimura distances expressed in substitutions per nucleotide in the neighbor-joining tree. The number at each node (maximum likelihood-maximum parsimony-neighbor joining) indicates the percentage of the bootstrap tree in which the cluster descending from the node was found. Strains of nonfood origin are indicated by asterisks, and strong biofilm formers are indicated by a superscript "s." All strains had Ͼ99.8% homology to the type strain of the species to which they were allocated. The type of the icaA sequence for each individual strain (determined on the basis of differences between the strains in the sequenced part of icaA [372 bp]) is indicated in the right column by letters. Strains with identical letters had Ͼ98.2% icaA homology. Strains with different letters had 54.8 to 81.9% icaA homology. (Fig. 4) . BHI broth was used because aggregation and clumping of some strains grown in TSB resulted in difficulties in isolating RNA. Cross-hybridization between the different probes used was observed. Three of the strong biofilm formers (S. capitis St13, S. aureus RN4220, and S. epidermidis RP62A) gave strong or intermediate transcription signals, while the fourth (S. saprophyticus St28) gave a weak transcript. Of the strains not forming biofilm, an intermediate transcript was present for S. epidermidis N15.1 and a very weak transcript was present for S. epidermidis N5.5 while no transcript was observed for S. capitis NCTC 11045. When S. capitis St13 and S. epidermidis N15.1 were cultivated in BHI broth without additional glucose and NaCl (i.e., in BHI broth with 0.2% glucose and 0.5% sodium chloride), no transcripts were detected. The transcripts observed had the same lengths as that of S. epidermidis RP62A (apparently approximately 5.0 kb long), except for S. capitis St13, which gave an approximately 4.8-kb signal.
DISCUSSION
In this study, strongly biofilm-forming strains were determined among staphylococci from the food industry. Bacteria in biofilms are generally more resistant to stress such as disinfection and mechanical shear than their free-living counterparts. Thus, it is likely that biofilm formation protects bacteria in a food-processing environment. Polystyrene is in use as a packaging material but is not much used in equipment in the food industry. However, other hydrophobic polymers are widely used in the food industry (e.g., in gaskets, conveyor belts, trays, and cutting boards). Since the staphylococci investigated in the present study were isolated from a range of different materials, we chose polystyrene and stainless steel as model systems for biofilm formation on hydrophobic and hydrophilic materials, respectively. Thus, the formation of biofilms of food-related staphylococci on polystyrene and stainless steel may be of relevance for the food industry. It has been shown that in contrast to other isolates, isolates in poultry-processing plants in which S. aureus is endemic had a clumping (aggregation) phenotype (16) and that isolates exhibiting the clumping phenotype are more resistant to disinfection by chlorine than isolates with other phenotypes (6, 38) . Thus, it is possible that biofilm formation is of importance for survival of staphylococci in food-processing environments, although to what extent is not known.
Of the food-related strains tested, 132 strains have previously been investigated for presence of qac genes encoding efflux pumps that confer resistance to quaternary ammonium compounds (QAC) (a group of disinfectants) and 19 strains were found to harbor qac genes (26, 51) . This information about the prevalence of qac genes can be compared to data on biofilm formation and the presence of icaA for the same strains. Statistical analysis (Fisher's exact test) showed a significantly higher prevalence of qac genes among biofilm-forming isolates (A 492 Ͼ 0.20) than among biofilm-negative isolates (P ϭ 0.0005). Data on the presence of icaA and qac genes were also positively correlated (P ϭ 0.007). For L. monocytogenes, both QAC resistance and biofilm formation have been proposed to be important for survival in a food-processing environment (1, 36, 41) . It may be speculated that there is a synergistic effect between biofilm formation and QAC resistance and that Staphylococcus spp. and L. monocytogenes strains, both being strong biofilm formers and resistant to QAC, are especially well suited to survival in food-processing environments. This should be further investigated by assessing the sensitivity to disinfectants for Staphylococcus spp. in biofilms.
In this study, the ica locus was found in four of eight biofilmnegative S. epidermidis strains (Table 3 ). It has previously been shown that ica-containing S. epidermidis strains can be biofilm negative, and this has been explained by the insertion of IS256 in the ica locus or by the strict regulation of expression of the ica genes (37, 55) . In the present study, no insertion elements were present in the ica locus of the biofilm-negative S. epidermidis strains. Also, all of the tested S. epidermidis strains contained the atlE gene shown to be involved in adhesion to polystyrene (24) . For two of the biofilm-negative S. epidermidis strains, it was found that in one strain the ica locus was weakly transcribed while the other strain had an intermediate transcription signal (Fig. 4) . Thus, this may partly explain the low biofilm formation of these strains but it is likely that additional mechanisms are involved in biofilm formation. The possibility of point mutations in the ica genes of biofilm-negative strains could not be ruled out.
It has been suggested that the presence of the ica locus can be used to discriminate between virulent and harmless strains of S. epidermidis (4, 5, 20, 21) . As shown in the present study and also reported elsewhere, individual strains that are both ica positive and biofilm negative are often found. Since biofilm formation per se has been linked to virulence (12, 46) , it seems more appropriate to use biofilm formation and not the presence or absence of the ica locus as one of the criteria to discriminate between potential harmful and harmless strains of S. epidermidis.
Strong biofilm formation and the presence of icaA was pos- itively correlated; thus, the ica locus seemed to be important for strong biofilm formation in the strains tested. Apparently, the ica locus was expressed to a higher degree in strong biofilm formers than in biofilm-negative strains, although the number of strains tested was too low to draw a final conclusion about this. It is not clear why the observed length of the transcripts in the present work (approximately 5.0 kb) was longer than previously reported for transcripts of icaADBC (approximately 3.5 kb) (43) . The finding in this study of a high prevalence of the ica locus among biofilm-negative strains might be explainable by low level of expression of the ica locus in those strains, but it may also indicate that additional mechanisms are involved in biofilm formation. Several strains formed weak biofilms (A 492 Ͼ 0.20), but the ica locus was not detected (Table 3 ) and biofilm formation in these strains was possibly ica independent. However, the presence of an ica locus with low homology to the S. epidermidis icaA-specific probe used for the hybridization cannot be ruled out. None of the three food-related S. aureus strains formed biofilms, while all were icaA positive. This result is in accordance with previous work showing that the presence of the ica locus has been found in all S. aureus strains investigated; however, only a minor fraction of them are biofilm formers (11) .
In the present study, icaA was partially sequenced for 26 strains belonging to nine different Staphylococcus spp. (Fig. 3) . With the exception of those of S. aureus and S. epidermidis, the sequences of the icaA genes of these species have not been reported before. The ica locus seemed to be widely distributed among members of the genus Staphylococcus and was found in several of the major 16S rDNA clusters of the genus (Fig. 3 ) (52) . The similarity between the icaA sequences of the different strains was not always consistent with the relatedness of their 16S rDNAs (Fig. 3) , which may indicate that the icaA gene has been horizontally transferred.
Previously it has been shown for S. epidermidis and S. aureus that expression of the ica genes and subsequent PIA synthesis and biofilm formation are induced under stress conditions and that the alternative sigma factor SigB, IcaR, and other regulatory genetic loci are involved in the regulation of the ica locus (9, 32, 37, 43, 44, 53) . Rachid and coworkers have previously shown increased biofilm formation and induced expression of the ica locus of S. aureus and S. epidermidis in the presence of various antibiotics, SDS, ethanol, sodium chloride, and glucose (42) (43) (44) . In the present study, no induction of biofilm formation was found in presence of SDS and ethanol; however, positive effects of the presence of sodium chloride and glucose on biofilm formation of staphylococci were found (Fig. 1) . For S. capitis St13, the expression of the ica locus in the exponential phase was induced when the strain was cultivated with additional sodium chloride and glucose (Fig. 4) . Recently, Dobinsky and coworkers (15) showed that ica expression in S. epidermidis is stimulated by the presence of glucose in the exponential phase but is inhibited by the presence of glucose in the stationary phase. In conclusion, the regulation of expression of the ica genes is complex and relies on many factors.
Biofilm formation has been linked to virulence among clinical S. epidermidis strains (47) . Only one biofilm-positive isolate of S. epidermidis was found in the present study. However, human infections have also been reported to be caused by other CNS, e.g., S. capitis, S. cohnii, S. saprophyticus, and S. hominis (40, 45) . For S. saprophyticus, which causes urinary tract infections, biofilm formation is recognized to be involved in infection (27, 28) . In the present study, isolates among CNS from the food industry were found to be strong biofilm formers belonging to the species of Staphylococcus able to cause infections; however, further investigations are necessary to evaluate whether CNS from food-processing environments have a potential to cause clinical infections.
